Intensive oil activities within the study area have elevated the level of toxic substances in both aquatic and terrestrial environments of the host communities. Levels of polycyclic aromatic hydrocarbons in Tilapia zilli from Qua Iboe River estuary (QIRE) Nigeria and the carcinogenic health risk induced by its consumption were studied. Fish samples were collected from five stations and a Control during wet and dry seasons and analyzed for PAHs using gas chromatography with flame ionization detector. Carcinogenic health risk assessment using recommended models by USEPA was done. Concentrations of total PAHs ranged from 1.527E-03 to 5.986E-02 mg/kg, high molecular weight PAHs recorded a range of 1.239E-03 to 1.424E-01 mg/kg while low molecular weight PAHs ranged from 2.814E-04 to 3.166E-03 mg/kg. Concentrations of C-PAHs at the study area were higher than at the Control site. Levels of B(a)P in Tilapia zilli for both seasons were lower than the EU limit however, the potency equivalent concentrations due to exposure to C-PAHs via its at all locations in both seasons were above the screening value. Thus, consumption of Tilapia zilli from the area studied may result in carcinogenic health effect. The study also identified presence of anthropogenic inputs of PAHs and pyrogenic PAHs originated from gas flaring in the area. Regulatory legislation on environment should be instituted to forestall sub lethal effect on aquatic flora, fauna and human.
INTRODUCTION
In the coastal areas of most developing countries, fish consumption is a major source of protein, omega-3-fatty acid and vitamins. Fish caught from the Niger Delta may be contaminated with PAHs due to oil exploration and exploitation activities in the region. Ellman et al. (2012) reported that PAHs found in crude oil have the potential to accumulate in aquatic organisms, presenting a health risk via ingestion of the contaminated food. PAHs in the aquatic environment have been linked with industrial effluents and petroleum oil spills (Nasr et al., 2012) . Ingestion of contaminated food and diffusion from water across their gills and skins are the major routes of PAHs exposures to fish. Also, PAHs are rapidly adsorbed on suspended material and sediments due to their hydrophobic nature and become available to fish and other marine organisms through food chain. Most times uptake is followed by bioaccumulation in fatty tissues due to the lipophilic nature of PAHs and this result in acute or chronic effects and induction of cancer (neoplastic effects) in fresh and marine water fish (Gorleku et al., 2013) . PAHs in water are associated with endocrine disruption in marine organisms, neurotoxicity and alteration of ecosystem levels (Frenna et al., 2012) . The consumption of aquatic organisms such as fish can result in the accumulation of high molecular weight PAHs which are known to be carcinogenic (Arvo, 1995) . PAHs are organic compounds with two or more fused aromatic ring that are mainly formed from incomplete combustion of organic compounds. Other sources of PAHs include drilling operations, land-based sources and other activities related to petroleum industry (Nozar et al., 2013) . PAHs have been identified as carcinogenic, mutagenic and tetratogenic pollutants of public health concern (Anyakora et al., 2005) . Out of the sixteen priority PAHs, USEPA has classified seven PAH compounds as more probable human carcinogens. They are: benzo(b) fluoranthene, benzo (a) anthracene, benzo (a) pyrene, benzo(k) fluoranthene, chrysene, dibenzo (a,h) anteracene and indeno (1,2,3-cd) pyrene and some of them can cause tumours in human (ASTDR, 2011) . Qua Iboe River estuary (QIRE) is one of the rivers in the Niger Delta region of Nigeria with history of oil spill caused by equipment failure, corrosion and vandalisation of oil pipeline installations. Also, a petrochemical processing plant is located at the proximity of the lower reach of the river. There is limited or no information on the carcinogenic health risk induced by the consumption of Tilapia zilli from QIRE. This study was conducted to determine the level of PAHs in Tilapia zilli from QIRE and assess the potential health risk induced by the consumption of the above fish. Figure 1 is a map of the study area indicating the sampling sites 
MATERIALS AND METHODS

The study area and site description
Samples and sampling
Fish samples were obtained from the six sampling sites within the spread of Qua Iboe river system. At each location, 10 samples of Tilapia zilli with length between (15-18cm) and weight between (50 -75g) were obtained monthly using fishing net and local traps. Sampling was conducted monthly from November, 2013 to October, 2014. The fish samples were washed with distilled water and collected into pre-cleaned polyethylene bags and were immediately transferred to a thermo-insulated flask filled with iceblocks, taken to the laboratory and preserved at-18 o C. The frozen samples were washed with water after removing the scales and the muscle portion were removed by a stainless steel knife for further processing.
Extraction and Clean up
The extraction of the analyte was carried out using a soxhlet extractor according to the method described by Olabemiwo et al. (2011) and Anyakoraa et al. (2005) .
Determination of PAHs concentration
The concentration of PAHs was determined using standard protocol described by Nkpa et al. (2013) . The sample was automatically detected as it emerges from the column by a flame ionization detector (FID) by measuring the retention time. Usually the identification of the PAH compounds (analyte peaks) was achieved using Chemsubstation software and was based on matching their retention time with a mixture of PAH standards (16 USEPA priority PAHs) while quantification was obtained from the corresponding areas of the respective chromatograms. The surrogates namely acenaphthened 10 , phenanthrene-d 10 , chrysene-d 12 and perylene-d 12 from Smart solutions, USA were used as internal standard. Procedural blanks and solvent blanks were analysed and quantified with no PAHs found in these blanks. Prior to use, the GC was calibrated using a five point calibration curve established using dichloromethanebased standards (Accustandard PAH mix, 1000g/ml in CH 2 Cl 2 ). The coefficient of determination values (R 2 ) were greater than 0.87. and Namiesnik, 2012 
Chromatographic Conditions (Tobiszewski
Carcinogenic risk from exposure to PAHs in fish
The carcinogenic health risk induced by the consumption of Tilapia zilli was assessed using the USEPA guidelines described by Cheng et al (2007) and Nyarko et al. (2011) . In this guideline, the product of PAH concentration (mg/kg) and its TEF values give a B(a)P equivalent concentration for each PAH. All the individual B(a)P equivalent concentrations were summed up to give a carcinogenic potency equivalent concentration (PEC) of all the PAHs according to the equation below:
The carcinogenic risk is obtained by comparing the potency equivalent concentration (PEC) values with the screening value for carcinogenic PAHs stipulated by USEPA and adopted by Nyarko et al. (2011) and Nozar et al. (2013) . Screening value is the threshold concentration of total PAHs in fish that is of potential public health concern and was obtained from the model proposed by Nkpa et al. (2013) and Nozar et al. (2013) as shown below: (Eq. 2) SV = screening value, RL = maximum acceptable risk level (dimensionless) [0.00001], SF = USEPA oral slope factor for PAHs (7.30mg/kg/day) BW = average body weight for adult population (70kg), CR = consumption rate of fish is 68.5g/day in Nigeria (Nkpa et al., 2013).
Statistical Analysis
All values are expressed as mean of three determinations ± standard deviation. Student's t-test was used to compare between the mean of total PAH values in both the dry and wet seasons and a P < 0.05 was considered statistically significant. Pearson correlation coefficient was used to examine the relationship between PAH pairs in fish and cluster analysis was used to assess common pollution sources between sampling sites. Statistical analyses were performed using SPSS statistics 17.0 windows
RESULTS AND DISCUSSIONS
Results
The level of 16 priority PAHs, their summation and diagnostic ratio in Tilapia zilli from QIRE in both the dry and wet season are shown in Tables 1 and 2 
Carcinogenic Health Risk Induced by PAHs via the consumption of Tilapia zilli
The result for the computation of potency equivalent concentration of PAH at all the sample locations in both seasons is presented in Figure 2 below. The carcinogenic potency equivalent concentration of PAHs in Tilapia zilli from QIRE ranged from 3.610E-04 to 1.398E-02 and 1.685E-04 to 2.207E-02 during the dry and wet seasons respectively. In this study the highest cancer risk from Tilapia zilli consumption was recorded at Douglas creek while the least risk was recorded at Ekpene Ukpa (Control site). The dendrogram showing the similarities between sampling sites due to the concentration of PAHs in Tilapia zilli is presented in Figures 3 and 4 Figures 3 and 4 indicate that concentration of the total C-PAHs in the dry season followed the trend: group I > group II > group III > group IV while the variation in the wet season followed the pattern: group I > group II > group III.
In an attempt to classify the C-PAH using hierarchical cluster analysis, three primary clusters were identified in both season (Figures 5 and 6) . The first and second groups comprised B(b)F and Ind (1,2,3-cd)P respectively while the third group consisted of the remaining carcinogenic PAHs. 
Discussion of Results
Levels of PAHs in Tilapia zilli from QIRE
The total PAH was higher in the wet season than the dry season and the result for total PAHs in this study is comparable to findings by other authors (Olabemiwo et al., 2011 and Cheng et al., 2007) while Nasr et al. (2012) recorded higher values. HMWPAHs were higher than LMW-PAHs in both the dry and wet seasons. Hence, the percentage occurrence of 2-3 ring PAHs was lower than that of 4-6 rings. The high level of HMW-PAHs in fish from these sample locations may be due to uptake and bioavailability of these contaminants in the studied environment. Eduok et al. (2010) reported that the stability of PAH molecules and hydrophobicity are two factors which contribute to the persistence of HMW PAHs in the environment. Nyarko et al. (2011) attributed the dominance of HMW-PAHs in fish from Ghana to the degradation of LMW-PAHs during PAH transport and burial into sediments. Though the level of LMW-PAH is low, Neff (1985) has reported that at a particular level, LMW-PAHs are toxic to aquatic organisms. The highest level of total C-PAHs in fish was observed at Douglas creek and may be due to the high pollution status of the creek that receives direct discharge of oilfield effluents and is very close to a gas flaring site of a petrochemical facility. Nkpa et al. (2013) reported that the level of contaminants such as PAHs in fish reflect the state of contamination of the medium or environment where the fish is caught. According to Eduok et al. (2010) PAH residues in QIRE have been linked with atmospheric deposition, runoffs, sewage, industrial waste, municipal waste and petroleum exploration and production activities. Nyarko et al. (2011) also attributed PAH levels in fish to contact with fishing net contaminated with oil from oil slicks and PAH contaminated plastics dumped into the aquatic water body. The average value of B(a)P concentrations in this study was lower than the EU limit of 2µg/kg (0.002mg/kg) and JECFA limit of 20µg/kg (0.02mg/kg) for the safe consumption of fish in both seasons. Eventhough, the standard for other C-PAHs is not stipulated, carcinogenic PAHs recorded higher values in both seasons when compared with noncarcinogenic PAHs. The bioaccumulation and biomagnification of carcinogenic PAHs along the aquatic food chain is envisaged. In both seasons, B(b)F and Ind(1,2,3-cd)P recorded the highest levels in Tilapia zilli. This is consistent with findings of other author who investigated the level of PAHs in water and fish from the Niger Delta region of Nigeria (Nkpa et al., 2013; Inam et al., 2014) . Anthracene and carcinogenic PAHs have been linked with tumors in human and long term exposure to C-PAHs can result in several health effects such as kidney and liver damage, cataracts and jaundice, chronic bronchitis and decreased immune functions (Bohacova et al., 1999) . The presence of PAHs in fish can produce cancer-like growth, tetratogenic and mutagenic effects in fish resulting in fibrosacoma, stomach papilloma along with other tumour (Okafor and Opuene, 2007) . Law et al. (1997) reported that high C-PAHs result in the formation of hepatocarcinomas in wild flat fish. According to Nyarko et al. (2011) PAH exposure can cause growth reduction, endocrine alteration, malfunction of embroyo and larvae and DNA damage in fish as well as human health effect such as cancer, mutation and birth defects. Food consumption is an important pathway of human exposure to many contaminants including PAHs (Olaji et al., 2014) and most human cancers such as prostrate and lung cancer are linked with dietary sources (Khoei et al., 2013) . Apart from microbial agents, gastrointestinal disorder prevalent in the population around the lower reach of QIRE may be due to direct uptake of PAHs through the consumption of aquatic biota (Eduok et al., 2010) .
The result for the diagnostic ratio analysis in Tilapia zilli from QIRE revealed pyrogenic PAHs origin and this is in accordance with the findings of other researchers (Nyarko et al., 2011; Nkpa et al., 2013; Nozar, et al., 2013) . According to Nozar et al. (2013) pyrogenic source of PAH pollution in biota such as fish, crab, and shrimp is attributed to high traffic of marine transportation and discharge of urban and industrial wastewater into the marine ecosystem. However, mixed PAH source was observed with Fluorathene/Fluoranthere + Pyrene ratio and may be due to the complexity of parameters which govern PAH distributions in the environment. Sinae and Mashinchain (2014) reported results of mixed PAH sources similar to this studies when they investigated the source of PAHs in coastal sea water, surface sediment and mudskipper from Persian gulf using Fluorathene/Fluoranthere + Pyrene ratio. 
Carcinogenic health risk induced by the consumption of Tilapia zilli from QIRE
The potency equivalent concentration (PEC) in fish samples from all the sampling station for both the dry and wet seasons were greater than the screening value of 1.00E-03 exception of the Control site. This indicates that the consumption of Tilapia zilli at the rate of 68g per day can result in adverse carcinogenic health effect. This study also show that, the people living at the lower reach of the Qua Iboe River estuary are exposed to higher cancer risk induced by the consumption of Tilapia zilli than those at the Control site. The consumption of Tilapia zilli could be a potential source of PAH exposure route among the people at the examined site as fish constitutes a major source of animal protein in their diet (FAO, 1983) . Dietary intake has been identified as a major route of human exposure to PAHs (Yu et al., 2014) and recent studies have shown that most human cancers such as prostrate and lung cancer can be attributed to dietary sources (Dhananjayan and Murahdharan, 2012) . Nkpa et al. (2013) reported PEC values of 0.003 to 0.012 for Tilapia quineesis and 0.002 to 0.011 for Liza falcipines from crude oil polluted water of Ogoni land. These values are within the range reported in this study for the examined sites and higher than values for the Control site. Nyarko et al. (2011) reported PEC values of 0.0239-0.1195 for fishes from Ghana coastal water which is higher than values recorded in this study.
Cluster analysis and correlation studies
Results for the correlation analysis between individual PAHs in fish revealed that B(a)A, B(a)P, B(k)F, B(b)F, D(ah)A and Ind (1,2,3-cd)P are likely to originate from the same source in both seasons. This study corroborate with the findings of Meador (2003) who observed high correlation among PAH compounds and between C-PAHs. Also, some of the above C-PAHs pairs with positive correlation have the same number of rings, closely related molecular weight and close octanol-water partition coefficient. Tobaszewski and Namiesmik (2002) reported that pair of PAHs with similar molar mass and similar physicochemical properties may undergo similar environmental fate.
The difference between the dendrogram for both seasons may be due to seasonal effect. Flooding and dilution may be responsible for the total C-PAHs in Stubbs creek being comparable to that in the Control site. The three primary clusters observed in Figures 4 and 5 reveals that B(b)F and Ind (1,2,3-cd)P may originate from different pollution sources while the remaining C-PAHs may have similar pollution sources. In addition, the above grouping may be due to the effect of concentration.
CONCLUSION
The average value of B(a)P concentrations at all the sampling sites in this study was lower than the EU limit and JECFA limit for the safe consumption of fish in both seasons. Apart from the Control site, the potency equivalent concentration (PEC) values in fish samples from all the locations for both the dry and wet seasons were greater than the screening value.
